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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high strength 
hot dip galvanized steel sheet which has improved 
unplating and plating adhesion on high working, and has 
excellent ductility, and to provide a production method 
therefor. 
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containing 0.001 to 0.5% Al and 0.001 to 2% Mn, and 
containing, at need, 5 to 20% Fe, and the balance Zn 
with inevitable impurities. The Si content in the 
steel: X(%), the Mn content in the steel: Y(%), the Al 
content in the steel: Z(%), the Al content in the 
plated layer: A(%) and the Mn content in the plated 
layer: B(%) satisfy the following inequality (1), and 
the microstructure of the steel sheet consists of, by 
volume fraction, 70 to 97% ferrite having a mean grain 
diameter of 220 u/n and '3 to 30% austenite and/or 
martensite having a mean grain diameter of 210 urn. 
3-(X+Y/10+Z /3)-12.5 x (A-B) 3 0...(1). 



SOLUTION: The high strength hot dip galvanized steel COPYR,GHT: (C)2003, 
sheet has a plated layer having a composition 
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i mi tea 2 *&±*TeuKw-*-*teiirt-efrtr*-* 

[0 0 2 4J <6o##afit;ov^TI±, ftKMftliRlt 



(6) If ffl 2 0 0 3 - 5 5 7 5 1 

70 

*5£W «■ &8fc-t -5. <> <0 "C (± «r 

[0 0 2 5] *cli*Cai?r0. 001-0. 1 
56, Mg4£ 0. 00 1- 31 S il^O. 0 0 1- 
0. Mol?:0. 00 1-0. lff%« W 

4£ 0 . 0 0 1-0. 1«4%, ZrlH. 0 0 1- 
0. 1K4%, Cs4£0. 001-0. lK4%, R 
b4&0. 0 0 1-0. 1SI%, Ki^rO. 0 0 1- 
0. lK4%, Agi^O. 00 1-55?!:%, Nat 

JO £0. 0 0 1 -0. 0 5Sf%, CdfiirO. 001- 
3Si%> Cu4£0. 0 0 1-3»4%, N i 4£ 
0. 001-0. 5«4%, CoiJO. 001-lf 
4%, La4£0. 001-0. 1 Sfi%, T 1 4£ 
0. 0 0 1-8»4%, Nd4£0. 001-0. IS 
4%, Y4£0. 00 1-0. 1 «4%, In4£0. 
0 0 1-5®4%, Be 4*0. 001-0. 1 ®4 
%, Crf^O. 0 0 1 - 0. 05«4%, Pbii 
0. 0 0 1-lK4%, Hf4£0. 001-0. IS 
4%, Tcf^O. 0 0 1-0. 1 S4%, T i 4* 

20 0. 0 0 1 - 0. 1 S4%, Ge4£0. 001-5S 
4%, TalS-0. 0 0 1-0. 1584%V4£0. 0 
0 1-0. 2S4%, BtS:0. 0 0 1-0. 1 M 4% 

$ W 3 ft , Aff 4^«<0 *6 o § <b ft* tz 

Zo #7c3??>-£-#4rt ? ±|!g£©x4 fc-tft-FftOTC** 

^#t4KD^o4*i:j;i), fcol^'f KffiT 

•r-2>o 

[oo2 6] *5twiz&tfz>mwLi8L#<omfem& 

JO [0 0 2 7] C(i, A»«:»JKifitt/<5>^ 4 

7c^r-*4o #t:»2ffl* ? *-^-r^-'f h-e^^^t; 

tt*** <[6]±S-*4o ?^JKfe<tO f #^2ffiO#:«^-!p 
*flt«f*^*UTIRS:0. 0 0 0 1%tU 

[0 0 2 8] S i li, ±1lf*4 7x7-f h^JfttflEilfc 
40 * 0 . 0 1 % t L£ 0 * £, ifi*I^SP(±^«14i3 <t tr* 

o§»iiitt=jBj»w*ajrrfc*. ±m*2. 5%tt 

»a*«±W«i:4?>ftv»o. 0 0 l%i-Cft*S*r 

[0 0 2 9] Mnli, * o # }Stt14ii i O'^lPttOfttl^ 
1-Sdx.t, A5ASfbt®te^b<o l oojEHT-*4^b 
!^Wtil^/>*-9'1' h^^W©J-t4ge«jT-j^DL, 0. 
0 1 %&.±t Ltio -^r-(±, »2fflA^-^^^--f h 

50 2>Zt*?m&\i££itZ-*t2>Zt:frb3%i±.m.tL 
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tz 0 

[0030] Ait*, tboh mtntte «t if^-m^m^ 

&$>*), 5£ej£14/N'5 >*£fi±£-<i-&o Z<Dtz*>, 
0.001 %W±O^SP«t: L£ 0 -^ia*J?^*D<±r§«14 
£i^o#jS;ai4£«&T£i64%£±Stt L£ 0 
[0 0 3 1 ] Mo ii, 5£j£M14^9>x£#fb 

RI40. 0 0 l%**a*Lv» 0 Si«??s*P(4, M14 

[0 0 3 2] SMC ^f&W^itmt-r^aHi, 5fiftO 
$ <b$r£|6j±S:lffjfc LTC r , Ni, Cu, CoOl 

[0 0 3 3] Crli, Bifbl Wis J: V i m.it®&.f$L<?>mm 
OiW^<bi^JD-r^7C3KT% 0. 00 l%W±tL, 2 

[0 0 3 4] Nili« J6o #tt|fi]_tJ3 J: U-'SfiffclffJ-c 
0.001 %BLtfc L, 1 0%«ri8A**O«tn-C(i, 

[0035] c u i±, SfiffcE «re o . o o l %u±<ojS 

fiPtU 5%£jB;i<5>S<DgSJPTt4, inlttUff.*** 
R«1-«|fij7i«*4fcJi>, TRI40. 0 0 1%, _tRI45 

[0 0 3 6] C o(4, ftoi&Mfg, "«-f ^-f h &£M 
SPUi-SSftJKStt-'^? >XO|6]±cD£a6, 0. 0 0 1% 

[0 0 3 7] *«W*«*t*t1-4«H4, »KO 

b, Ti, V0 1«*fctt2«J3l±**#T£*o -tl 

f>o5c^<4, sub &imitzimmmij& 

Id tr 1 mtfzit 2 «JiU:£ 0.001 %£Lhjeia-f « 

mt Ltli 1 %**#£ Lv>„ 
[0 0 3 8] Biifc, £-S(ClL-i:ri^PT'§^o B 

I*, e#<o»ffc^§i*to»aiftfb»= o . oooi %jsi± 

* fc*o»**«iitfn-*-4l4*54*») -C& < , <£-^aJitc^« 
SUKfcJt**-*, SPlte^fiT-f ££<6, ±R<4 0. 1 

[0 0 3 9] %nm<OZb%i>ft±ZBMt LT&mt® 
fttl$.7tmX'$> JZr, Hf, TaOl!ifcli2 ttW± 



(7) If S 2 0 0 3 - 5 5 7 5 1 

72 

[0040] z*ih<r>7tmt^ wMtsum. mmt 
K*%ja±oa&ni: Lfc. -#-c\ stt^fk^ae*- 

*Pl:0±Ri: LT 1 .0«ft%fc t Lfc„ 

[0 0 4 1] Wfi£0. 0 0 1 - 5»fi%OjSHt L/c 
OI4, 0.001 R*%JEH±-C?Sft^tS*** t 3lii* - t > 

(4, JPIttUJB»#«:Sirrfc*-C*4«, 
[0 0 4 2] Pfi£0. 0 0 0 1 -0. 0 5fi%OK 
LfcOli, 0. 0 0 0 1 R*%JEH±-C»ftJ»** t ?i 
*L4 C t **ffif fc!4£iSfl«| (C <£> ^fij-e^> S:t^>«bi?i 
mtLto ttz. 0. 1 »fi%£±Ri: LfccOti, 

[0 0 4 3] Sfi^rO. 0 0 0 1 -0. 0 1 SS%cDf£ 

at tfcott, *fifb(4ejsw»='{>^3W"c**i 

20 <b, 0. 0 0 0 1 fl%^Tii: U 0. IS* 

[0 0 4 4] Y, #±«7C3? (REM) ft£ 0 . 0 0 0 1 - 
0. 1 St%<OKit Lfc£>i4, 0. 0 0 0 lSi%W 
±T-S:M4 tfc, 0. 1K*%£±R£L 

7toi4, i*t*jH^4*oiSJa"e«4, i§#tt^»itB#^ 

[0 0 4 5] *<Dfc<n^nm®7timit Lr, Snif 
50 tfh&tiK S n ^ 0 . 0 1 %JilTOi£HT-* S;i 

[0 0 4 6] -^i-, mttmfc<7> $ ? Qtffii:ov>r^ 

•t'f Hat-t-tr*fr«4ff 5 0%W±^trCt t 
40 [0 0 4 7] hO^«»$<0l#Jp(4M145:ie;* 
GL%^®<kttfcmfrmx-9 7%, h 

-f H4, ^«^T-^«-3%m±t LTio f*:*^^**^ 

tf3 Q%*mz.z>tmm\ft*7Firtz*>^ zm±mt 

LfZo 

50 [0 0 4 8] ^o^ttSrffitSL^f^SitoS^frT-OSiji 
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13 

£2 O^mWTt U f&2*BT-*.5>:*-*x + 4 
[0 0 4 9] fto 

r -f h <0¥*W2Sli 7x5-f F <75¥J*J*2S<0 o . 0 
IIS*?® fc1-*Cfc(i3C«»±B!rc* 0. 0 
1 m&±-C$> JCHfiLK 
[0 0 5 0] tin h*#tr»*JCiJ»t4fla»^t)s 
Kov»TKW+* t^cotii *)-eab£o h*Hi 

Utft-^-i-io #{-^2ffl*^-^T-f--f b(7)^(C 
ti, b 2 %fiH±fci-« t, ?6t: 

[0 0 5 1 ] ±IB<754feK 5 * nj&|8?>?$gG;&|&fc LT, 

ftftw, man. mm, mtywixa 2 
mxa 2 m&±immfrmx 1 %jatt*4 c t 

Lv>„ fcfc, ±f£5^n^®co, K ^+-f 

*«^s<o«5g(i, ±4 9-n»imistimmvil* 9-2 
1 9 4 7 3*&«H|ll^Sit<:K*UJ: 9»«EJ£2nfiJ 

i o o o«o**»aa««n=j: »)je«k*^r<iB^* 

& o 

[0 0 5 2] spJStfcgli, ±BO*ftt:J:f} 2 0«&a 
SJ-ULfcgfCS^v^T, J I Si:l 

[0 0 5 3] COX?fcaj«*#1-*«aflE»llM»*!> 

[0054] fmtikftm • tiffi.Lx*%m<n&WL*m& 

mc (l) - (l 3) uf£«%BoflNg 

&»t m-<r>f$Lfrizm&ztitzx ? yzmmt 1 *> l < 

ft, Ars lE®.iaSJU±-C*fif 9<0W £ Lv^ 0 COB#, 
&3^T&K<i§IO{fc^)£7>i:.toTi£i£A r3gcS? 



(8) #^2 0 0 3-5 5 7 5 1 

iSJSJ-J.±T-fir ; j<075 f -flg6f/r-*-&7> 5 \ Ars K£iUE4» 

<b i o < cg«(B:jai-r'r**ni^ii-e«?4-ii«co!ifi4^^ 

S tt <b it* t) 5 \ irS^^ET!?^^ $ ^i§£-(- (i - <7>m. 

tz, ^<D^!±.Tmn. m*-W2-b%tmffim<r>mmfrb 

JO tSfeZtl&W* 4 0%JflL±T*itlf«i»W«:8l«Ol*tt 

[0 0 5 5] JfrJS«*f«-r4l»»;, *fcfi£iSK^S3<7>ft# 

rmmUm^] :W. C. Lesl iel, #ffl)£l£g£ 
f?, AgP 2 7 3 ) T\ SiSSJt* 0. IX (A c 3 - 
A ci ) +Aci CC) *»<o»^tr«i, «MiSSTi# 
"bit**-*^^ H*«^Sjv»«>-e, *»W 

20 fc, *«iajsc* f a c s + 50 cc) im*.ri>mbmm 

fwftH, ^l«a*0±H^Ac3 + 5 0 CC) tLt, 

^ff-r*A 5 \ i<Oi&*«-C3 55— 1 o*ts#t--sct* j 
7x7^f h i3 <t 2 ffiOiSaSr 2 0 ^ m ti X V 1 0 M 
mUT b %L'&<D it* 0. 0 1-0. 7 btZtztblz 
l^iLv\ L^L, 3 0Mfli> IfiS*i:iot 

[0056] *(o'ik(D—'k<%mz* - *T-r ■< vmfrh 

WCHUJbi. ifc, 4tftt4 7x?-f hofift 

cto^injSiK^o. iC/&*ptc1-*c: ti± 
®.±itLXLi7ZbMZ-)mz-. ■&m%±m7'( 

m<Lfz<o, 3Lm&mim*>xm<i-zb^-?tzm&± 

0. lt/#t L^o 1 0t/M<?) 

ft, i*i£±ffifc Lfco 

[0057] wo— ^*P* f 6 5 ot:*ilir-fft>ti.* 
^*ptf tc/-t-7-f Ytf±m.L. ■x-TsT-r* h^5c 

50 *»L«:*«f», ?&iP^7 0 OrSi-CL^tf^it^^o/c 
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m&iza 7xvO ggjgojlff rtH-fl-CJifc v>ot? ^ *t 

[0 0 5 8] 9l£«*ff*»tt*H*tf#<&fta<#*Pli, 

£o lH.^Oi$ipj$K£ 1 0 0C/&j@i:f4itliE 
M*±ilt*4wt!)'f), l - l 0 0t;/#£i£i|] 

[0 0 5 9] Zff)~^&<0^mWitlS.m-A t Z n*!>oj| 

ioo (t) *jax.4tftffcw«fa3S t «WFi«-e^i:«fc 

«HST-£ Z0)tz#>, 2 %.i$m<?>&±&m* Z 

n^o^z&jg-Z n*!>o + 1 0 0 CC) i: L 

j&iajsi±> — mzmwM<r>z n^o^s-c^it-sis 

StX'X<, 4?£L<ti, 4 5 0-4 7 0t:gJST-*4 o 
[0 0 6 0] §H«4»^^@LTv^^-^x^-^ h*I 

*><n%tm-mmzmz-&a>z> ztizx*), mi&x&^z-t 

ffiit-r*fc*Uli, 3 0 0- 5 5 0t<OSS«i:i5& 
2 0 -I fc7i«a* Lv\, 3 0 0t*IT-li 

h Z*)iZ< <, 5 5 0 < C£j&x.£fc#£ 

fb^z}*£i;T+#&5S@*-*7 L :M hfiJJltCtii' 
Blt44tft, ^&flA3itt*<0TR»±3 0 or, -h 
Kl±5 5 OWtkmX'&Zo 
[0 0 6 1] -?)\,7->*f4 h««r^jftS-fr4(=li. 

5 or^iasJST-^^s-r^^ tamt 

[0 0 6 2] 

[0 0 6 3] XI U^r-T «t "9 £&l£OSSi«£, 1200 
[0 0 6 4] ^iiCD^ («*%) Tj^Ties: 



(9) 2003-55751 

[0 0 6 5] A ci =723-10. 7 XMn%+2 
9. 1XS i%, 

Acs =910-203X (C%) ,/2 + 4 4. 7 X S 
i%+3 1. 5 XMo%- 3 0 XMn%- 1 1 XC r % 
+ 4 0 0 X A 1 %, 

MSC10%H2 -Nz 3£B^*T-#?-iS • f£5e t/c<0 

o. i - i or/^o^iiisr-e 8 ox,txi%m 

10 L, 5l#ScV>T 1 -2 0"C/&-<0^iPiSJR-Ci?)oSjS-S 
KCSlWaU i§fcJS*«*3eftS*fc4 6 0 "COM 
i&»oli§i:3#«Si«n Ctf«()o| £fr o fc. 

[0 0 6 6] Sfc, -g|5<0S!«{;ov>ri±, Fe-Zn 
£-&-fb&3fc LT, Zn<6o§f£<7>fl1R£ 3 0 0-5 5 
O'C^fiS&Tl 5fJ;-2 0#ffc#U *oll^F 
et*$i f 5-2 0JH%i:i4J:iPli[Lfc, £>o# 

0 # (i*o =SrW > t: fcf * - Ufc 5 %t2mfe& 

[0 0 6 7] :ilf.(0Z n*o#&aS:*SL^1S^<b 
J I S 5 -§-5 m *) tUfctf - *«JR LT, & iMsg L 

fco $*>K, 3I»«)S*2 0%*4xfc»C6 0° ffitf 

to fr^£<»mm'&imif-mmukiz\s--)\sT-- 

7 £ ft if SWi^fctt, JjifigS 

3 H^1- 0 

[0 0 6 8] Sc2 l,Z7f;1~ <fc 7 K, ^f&iq^iOD 1 -D 1 
50 2 (No. 1, 2, 5, 12, 13, 20, 22-2 
4, 32, 34-36, 39, 42) (±, ^f^ftoi 
< , 5UK • #o f /<9 yxiz&tiz U, 20 %iDX 
f*Offl tt-fl tfM L o T t i6 o § 5!lSI$7) f 1 %JJ.T 

r<6o#ffl"fofi&07E^j ) tfmmzixx^^zm&iz 

(±, (I) ^tt75 f ib«fl^<g:v^^-{ciiv^Tt^»^i6 

[0 0 6 9] JtRHr-*^>C 1 -C 5 (No. 4 

4-4 8) ^ftfiKBtO^jSCJo^T, fflft^ 

z5 f , *tnnao*o #sa^icov^Ti±^t?*)47)^ 
^(±2 o%ojdx^sdx.4c t7j>'r*#^v^o (c 2 ^ 

«tt>'C4) t*o^o 

[0 0 7 0] i£, (I) ^:Sril^$^v^No. 3, 2 

1 , 4 6, 4 8l±*o#(7)aini475^fbL7l:*), muH 

'&<r>*><?$®mmz^x(i.'£m.x$>z> 0 ttz&m.<r>A 

50 10 0 7 1) ifc, No. 3li, 2'£fttQmm.ii s m^tz 
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75 



* [0 0 7 2 ] 





C 


Si 


Mn 


Al 


Mo 


Cr 


Ni 


Cu 


Co 


Nb 


Ti 


V 


B 


Zr 


Hf 


Ta 


W 


P 


S 


Y 


REM 




01 


0.15 


0.45 


0.95 


1.12 




























0.02 


0.005 








02 


0.16 


0.48 


0.98 


0.95 


0.15 


























001 


0.006 






D3 


0.13 


1.21 


1.01 


0.48 


0.12 


























0.01 


0.007 






04 


0.09 


0.49 


1.11 


1.51 


0.19 


























0.02 


0.001 






05 


0.08 


0.89 


121 


0.62 


0.09 


0.09 
























0.03 


0.004 






DB 


011 


1.23 


1.49 


0.31 






0.74 


0.42 








0.005 












0.01 


0.003 






07 


022 


1.31 


1.09 


0.75 


0.23 








0.08 


















0.01 


0.004 






D8 


0.07 


0.91 


1.56 


0.03 












0.01 


0.01 














0.02 


0.004 






D9 


0.05 


0.91 


1.68 


0.03 


0.55 


1.65 














0.0026 










0.01 


0.002 






D10 


0.18 


0.1 1 


1.1 


OB 7 


0.08 


















0.01 






0.05 


0.02 


0.03 




0.0007 


D11 


017 


0.21 


0.9 


1.2 


0.38 


0.1 


















0.01 


0.02 




0.03 


0.02 






D12 


0.21 


0.11 


1.05 


0.78 


























0.25 


0.01 


0.03 


0.009 




C1 




0.32 


2.81 








































C2 


0^7 


1.22 


1.97 


0.03 




































C3 


0.05 


* r i'Ai 


0.6 


0.05 




































C4 


0.08 


0.21 


0.4 


0.06 




































C5 


0.15 




1.32 


0.02 





































[0 0 7 3] 



** 


*>- 


*Jfff 


>0MI.I 
























m\t 


No 


■ *> 

<d 

Am 


»«*» 

CO 

UnH 


ft* 

<J> 

F«% 
** 


<i)Jt 
<7>M 




<b<D 
*ft 


ft IS CD 
ft 


ram 

TS/M 
P* 




hcofta 


*=* 

h<&<* 




*<KD 


Sfltt 

m/<*> 


/ Vm 


ft/wm 


B/f/m 


tnzn 


20963IBU 
JHXtt<D 
80" ffllf- 

E&ifaiLtft 

ftSB/% 




olo 


1 

2 


0.1 
0.1 


OB 

0.8 


10 


10.1 
10.1 




*T 
ftL 


ftL 


575 
585 


39 
42 


91.6 
90.8 


4.9 
5.3 


0 
0 


3.5 
3.9 


*** 


12.5 
122 


22 
2.5 




0.176 
0205 


0 

0.1 




D1 
D1 


3 
4 


0.18 
0.1 


0.8 


11 


=0JJ 

10.1 




ML 
*0 


ftL 


580 
530 


41 

31 


912 
85 


5.1 


0 


3.7 
P. 


***** 


11.8 
13.5 


2.3 




0.195 


12 
4 


E£0 


D2 


5 


0.03 


0.1 


8 


298 




#y 


ftL 


605 


38 


90.5 


5.6 


0 


3.9 




10.1 


2.3 




0.228 


0 




D2 
02 


6 
7 


0.04 
0.04 


0.02 
001 


10 

9 


1.855 
1.73 


MorO.01 

OeA.9. MrO.005 


M 
#y 


ftL 
ftL 


605 
605 


36 
36 


90.5 


5.6 


0 


3.9 


*** 


10.1 


23 




0.228 


0 




02 


B 


0.04 


0.01 


6 


1.73 


Aff0.5. Nj:0.1 


*y 


ftL 


60S 


36 


90.5 
90.5 


5.6 
5.6 


0 
0 


3.9 
3.9 


*** 

*** 


10.1 
10.1 


2.3 
2.3 




0.228 
0.228 


0 
0 




D2 


9 


0.03 


0.01 


9 


1.B55 


Na.O.01. C«:0.01 


#y 


»L 


60S 


36 


90.5 


5.6 


0 


3.9 




10.1 


2.3 




0228 


0 




D2 


10 


0.04 


0.01 


9 


1.73 


Pb.O.4 


*y 


ftL 


605 


38 


90.5 


5.6 


0 


3.9 


*** 


10.1 


2.3 




0228 


0 


t.rLir :■ 


D2 


11 


0.03 


0.05 


8 


2.355 


Tc.O02 


*y 


ftL 


605 


38 


90.5 


5.6 


0 


3.9 




10.1 


2.3 




0228 


0 




D2 


12 


0.03 


0.1 




2.98 




ftL 


ftL 


615 


37 


89.5 


6.2 


0 


4.3 


*** 


102 


25 




0245 


0.1 




D3 


13 


0.04 


0.2 


10 


3.53 




#y 


ftL 


610 


36 


89.8 


6.4 


0 


3.8 


*** 


8.9 


2.6 




0292 


0 


■ 


D3 


14 


0.3 


0.4 


8 


2.779 


Si:O0l 


*y 


ftL 


610 


36 


89.8 


6.4 


0 


3.8 




8.9 


2.6 




0292 


0 


titei :■ 


D3 


15 


0.3 


0.2 


10 


0279 


nsotoa 


#y 




610 


36 


89.8 


6.4 


0 


3.8 




8.9 


2.6 




0292 


0.1 




D3 


16 


0.1 


02 


e 


2.779 


NdO.04 


#y 


ftL 


610 


36 


89.8 


6.4 


0 


3.8 




8.8 


26 




0292 


0 




D3 


17 


0.15 


02 


9 


2.154 


Bo^OI 


★0 


ftL 


610 


38 


89.8 


6.4 


0 


3.8 


*** 


8.9 


26 




0292 


0 




D3 
03 


ie 

19 


0.2 
0.4 


02 
02 
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